To determine how the risk of subsequent long-term care (LTC) placement varies between skilled nursing facilities (SNFs) and the SNF characteristics associated with this risk. DESIGN: Population-based national cohort study with participants nested in SNFs and hospitals in a crossclassified multilevel model. SETTING: SNFs (N56,680). PARTICIPANTS: Fee-for-service Medicare beneficiaries (N5552,414) discharged from a hospital to a SNF in 2013. MEASUREMENTS: Participant characteristics from Medicare data and the Minimum Data Set. SNF characteristics from Medicare and Nursing Home Compare. Outcome was a stay of 90 days or longer in a LTC nursing home within 6 months of SNF admission. RESULTS: Within 6 months of SNF admission, 10.4% of participants resided in LTC. After adjustments for participant characteristics, the SNF where a participant received care explained 7.9% of the variance in risk of LTC, whereas the prior hospital explained 1.0%. Individuals in SNFs with excellent quality ratings had 22% lower odds of transitioning to LTC than those in SNFs with poor ratings (odds ratio50.78, 95% confidence interval50.74-0.84). Variation between SNFs and associations with quality markers were greater in sensitivity analyses limited to individuals least likely to require LTC. Results were essentially the same in a number of other sensitivity analyses designed to reduce potential confounding. CONCLUSION: Risk of subsequent LTC placement, an important and negatively viewed outcome for older adults, varies substantially between SNFs. Individuals in higherquality SNFs are at lower risk. J Am Geriatr Soc 2018.
characteristics of SNF residents from the 2012 to 2015 Resident Assessment Instrument Minimum Data Set (MDS); Skilled Nursing Home facility characteristics from Provider of Services Files; the Nursing Home Compare Five-Star Quality Rating, Provider and Deficiency files; and the Online Survey, Certification and Reporting. 9 A data use agreement was obtained from CMS. The University of Texas Medical Branch institutional review board approved the research.
Study Cohort
The cohort selection process, outlined in Supplementary Figure S1 , resulted in a cohort of 552,414 individuals discharged from a hospital to 6,680 SNFs in 2013 for whom we had complete information on participant and SNF characteristics. We created a similar cohort from 2014 (n5558,159) to compare stability in results over time. We also created cohorts for a number of sensitivity analyses that are described in the Supplementary Tables that present the results of those analyses.
SNF Characteristics
Information on whether the SNF also had LTC beds, ownership (nonprofit, profit, public), bed size, and location (urban/rural) was obtained from the Provider of Service files. The occupancy rates of certified beds for each facility in 2013 were obtained from Online Survey, Certification and Reporting data. 9 The Five-Star ratings and the individual components of those ratings were obtained from Nursing Home Compare Ratings files.
SNF Resident Characteristics
The association between SNF resident characteristics and risk of subsequent LTC placement was reported in a previous publication. 10 These characteristics, which are included in this study to control for differences in case mix between SNFs, include demographic characteristics; distance to the SNF from the individual's home; income; Medicaid eligibility; information from the prior hospitalization; and results of the initial assessment in the MDS on marital status, mood, cognitive and functional status, prognosis, hallucinations and delusions, use of catheters or ostomy, pressure ulcers, use of respirator, insulin injections, oxygen therapy, cancer treatment, tracheostomy care, intravenous medication, blood transfusion, dialysis, and hospice care (Supplementary Table S1 ).
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Study Outcomes
The outcome was LTC placement of at least 90 days within 6 months after discharge from a hospital to a SNF. We based our identification of LTC on a previously developed method, 13 defining a LTC nursing home stay as any MDS episode outside the SNF stay identified in the Medicare Provider and Analysis Review files. This method has 79% sensitivity and 88% positive predictive value in identifying LTC stays of SNF residents when validated against Medicaid data.
14 In a sensitivity analysis, we restricted the outcome to a direct transfer from a SNF to a LTC bed, with no intervening hospitalizations or further SNF stays. We did not use the CMS method to identify LTC because it is based only on length of stay (>100 days) and does not distinguish between SNF days and LTC days. 14 
Statistical Analyses
We constructed cross-classified multilevel models 15 to separate out the influence of hospital and SNF on LTC admission. The models are not hierarchical and allow participants to be clustered within hospitals and SNFs in a situation in which a hospital discharges individuals to many SNFs and a SNF receives residents from many hospitals. We added resident-level characteristics and the state where the SNF was located as fixed effects. We also added SNF characteristics to the model to assess their association with the outcome after adjustment for individual-level characteristics, the hospital, and state. We did not include bed size as a SNF characteristic because of the strong correlation with whether the SNF had LTC beds (correlation coefficient (r)5 0.69), but we included it in a sensitivity analysis limited to individuals in SNFs with LTC beds. We calculated intraclass correlation coefficients (ICCs) to estimate the degree of variation between hospitals and between SNFs in the odds of LTC admission. 16 All analyses were performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC).
RESULTS
The 552,414 participants in the sample were discharged from 3,722 hospitals to 6,680 SNFs in 2013. Hospitals discharged individuals to an average of 14.5 SNFs (median 8, interquartile range (IQR) [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . SNFs received residents from an average of 8.1 hospitals (median 7, IQR 5-10). The overall rate of residents who transitioned to LTC beds within 90 days of a hospital discharge to a SNF was 10.4%.
We have previously published analyses of individual characteristics associated with new institutionalization in LTC after hospital discharge to a SNF. 10 Similar analyses for this cohort are presented in Supplementary Table S1 . We then controlled for all the characteristics in Supplementary Table S1 , as well as for the hospital where the individual originally received care and the state where the SNF was located, in the analyses presented below. Figure 1 shows the variation between SNFs in the adjusted rates of their residents who transitioned to LTC. SNFs are ranked from lowest to highest LTC placement rates. SNFs with rates significantly higher or lower than the average adjusted rate are indicated in red. Two hundred fifty-six SNFs (3.8%) had significantly higher rates (mean adjusted rate 14.1%), and 488 (7.3%) had significantly lower rates (mean adjusted rate 3.2%).
We tested the stability of those adjusted rates over time by comparing LTC placement rates for SNFs in 2013 with their rates in 2014 (Supplementary Figure S2) . These analyses were limited to the 6,692 SNFs with 25 or more eligible residents in each year. The correlation between the 2 sets of rates was 0.67. We categorized the SNFs according to quintile of adjusted LTC placement rates in each year (Table 1 Table 2 presents the association between SNF characteristics and odds of resident placement in LTC, generated from a cross-classified multilevel model that controls for resident characteristics, state, and the hospital where the individual received care before SNF admission. Two models are presented; the first includes the SNF Five-Star rating, and the second includes the 3 measures used to generate star ratings: inspections, quality measures, and staffing ratios. SNF characteristics associated with higher risk of resident placement in LTC included co-location with LTC beds, higher occupancy rate, government ownership, and rural location.
There were clear stepwise relationships between odds of LTC and quality ratings. SNF residents with excellent ratings had 22% lower odds of LTC placement than SNF residents with overall poor ratings (odds ratio (OR)50.78, 95% confidence interval (CI)50.74-0.84). When the CMS ratings were separated into their 3 components, staffing ratios and inspections were strongly related to LTC placement rates, with quality measures less strongly related. Table 3 shows the amount of variation in LTC placement rates attributable to the individual SNFs and to the hospitals where the individual received care before SNF admission. The variances are expressed as ICCs generated from cross-classified multilevel models that allow for clustering of participants within SNFs and within hospitals in the same model. In the null model, 11.5% of the variance in odds of LTC placement was attributable to the SNF and 4.4% to the hospital. When all participant characteristics (Supplementary Table S1 ) and SNF location were added, the percentage of variance attributable to the SNF decreased to 7.9% and of the hospital to 1.0%. Adding SNF characteristics resulted in further reductions in variation at the SNF level to 6.8%. The C-statistics for the models are also given; all were greater than 0.85, showing very good discrimination.
We conducted several sensitivity analyses. In one, we restricted the cohort to individuals with normal cognition, no depression, and no behavioral disorders who had undergone surgery. This represented 16% of the overall cohort and included the types of residents that SNFs generally desire and are at low risk of LTC placement. 17 The association between SNF quality scores and risk of LTC placement was stronger (OR50.40 for SNFs with 5 vs 1 Star) and the variation between SNFs was greater (ICC: 14.1% vs 7.9%), than in the main analysis (Supplementary Table S2 ). Other sensitivity analyses stratifying participants according to Medicaid eligibility (Supplementary  Table S3 ) or limiting the cohort to residents in SNFs with LTC beds (Supplementary Table S4 ) yielded results similar to those in the main analyses.
We also repeated the analyses restricted to individuals transferred directly from the initial SNF admission to a LTC bed without an intervening stay in another institution (e.g., hospital, SNF). The SNF quality scores were more strongly associated with LTC placement, and the amount of variation attributable to SNFs was higher than in the main analyses (Supplementary Figure S3, Supplementary  Table S5) . A final sensitivity analysis included all individuals discharged to SNFs whether or not they survived 6 months. The results of the analysis were similar to the main analyses (Supplementary Table S6 ).
DISCUSSION
LTC placement is an important health outcome and has been the topic of several systematic reviews.
18-20 These Rates are from two multilevel cross-classification models using data from 2013 or 2014, including participant, hospital, and SNF, and adjusted for participant characteristics and SNF state. The rates are categorized according to quintile, from lowest to highest risk of long-term care, for each year. The numbers are the percentage of SNFs in a specified quintile in 2013 that were also in the specified quintile in 2014.
reviews focused primarily on individual characteristics. None of the systematic reviews reported information regarding use of SNF or other postacute care services. Also, many prior studies of risk of nursing home admission did not distinguish between short-term SNF and LTC nursing home stays when assessing risk of "nursing home" admission.
Older adults and their families are sometimes faced with difficult decisions about whether they can continue to live at home. A hospitalization, with accompanying deconditioning, followed by a SNF stay often precipitates such a decision. 3, 21 The loss of function may require the 24-hour care that a LTC nursing home provides, but the variation in LTC rates between SNFs suggests that LTC 2 Health inspection ratings based on number, scope, and severity of deficiencies identified from the last 3 years of onsite inspections and substantiated findings from the most-recent 36 months of complaint investigations. 3 Quality measure rating has information on 10 physical and clinical measures for nursing home residents about how well nursing homes are caring for residents' physical and clinical needs. 4 Staffing rating has information about number of hours of care nursing staff provide on average to each resident each day. This rating considers differences in levels of resident care needs in each nursing home.
placement also reflects practices specific to SNFs. SNFs vary in their ability to restore function in people after hospitalization. 21 Individuals in higher-quality SNFs were less likely to transition to LTC, possibly because of better functional recovery in those SNFs (Table 2 ). When the Five-Star SNF rating was deconstructed into its 3 components, we found that staffing ratios and inspections were most closely associated with LTC placement rate. It is reasonable to believe that more nursing staff per resident would result in fuller recovery and lower risks of LTC placement. SNFs also vary in outcomes such as mortality and readmission rates, which are also associated with quality ratings, although more weakly than the association with LTC placement rates. [22] [23] [24] Other SNF characteristics associated with greater risk of LTC placement include having LTC beds in the same facility, lower occupancy rate, and rural location. The first 2 reflect availability of open LTC beds. Higher rates in rural SNFs may reflect fewer available options for institutional LTC, such as home health services and day care.
The choice to transfer to LTC from SNF care may also have discretionary components and may reflect local practice patterns and attitudes. As a previous study found, "it may be too easy to keep SNF residents where they are and simply convert them from Medicare to a different payor." 21 Decision-making in postacute care is important and has received inadequate attention, given variations in practice. In a recent qualitative study, 25 hospital-based clinicians were asked how they selected individuals for SNF transfer. They admitted to lack of knowledge about SNF care practices, quality, and outcomes. There was felt to be no standardized process for selecting individuals for discharge to SNFs. 25 Individuals and family members reported feeling rushed to decide, often informed only on the day of discharge. 26 SNF staff reported poor communication from the hospital on individual needs, which may result in mismatching individuals and facilities, increasing chances of poor outcomes. 17 Medicaid spending on institutional and communitybased LTC services varies widely from state to state, 27 as do LTC placement rates after hospitalization. 10, 28 In the current analysis, we showed that individual SNFs explain 7.9% of the variance in risk of subsequent new LTC nursing home residence after controlling for state; hospital; the functional, cognitive, and emotional status of individuals; and their medical diagnoses. The variation (ICC) was even greater (10.5%) when we limited the outcome to residents directly transferred from the initial SNF admission to LTC. This is presumably the situation over which the SNF would have the most control. This is an unusually high degree of variation in an outcome attributable to facilities. 29 For example, 30-day readmission rates are an established quality marker, but the amount of variation in 30-day readmission rates explained by hospitals is less than 2%. 30, 31 CMS recently introduced rate of discharge to the community as a quality measure relevant to multiple postacute care settings, 12 but there is concern that the community discharge rate is inaccurate and subject to manipulation. 17 In additional analyses, we assessed the correlation between a SNF's community discharge rate and its LTC rate (r520.45) or rate of direct transfer to LTC (r5-0.42).
Our study has several limitations. We studied only Medicare fee-for service beneficiaries and persons aged 66 and older. Medicare data may have limitations related to completeness and accuracy of the information collected. 32 Although not specifically a limitation, we made the assumption that 90 days of long-term residential care after discharge from a SNF is a negative outcome. We realize that, at the individual level, residential LTC may be the best option. It may be possible to make distinctions between preventable and nonpreventable institutionalization, analogous to what has occurred with hospital readmission in acute care. To study LTC placement as an outcome of individual SNFs, we had to distinguish SNF residents from LTC nursing home residents. Our approach differs from the approach that CMS uses to classify individuals in nursing homes as short stay or long stay for quality reporting. CMS considers individuals with stays longer than 100 days (SNF or LTC days) to be long stays. Also, some selection may occur in the hospital-to-SNF transition, with more "desirable" residents who need short-term rehabilitation more likely to go to facilities with which the hospital has an established relationship. 17, 33 Such selection could contribute to the association between LTC placement rates and quality scores. We addressed this by controlling for an extensive array of characteristics, including demographic characteristics, functional status, comorbidities, hospital and reason for hospitalization, income, Medicaid eligibility, marital status, distance from participant's residence to the SNF, bed size, and SNF occupancy rate. We also repeated the analyses restricted to the 16% of participants who SNFs would generally consider "desirable": individuals with normal cognition, no depression, and no behavioral disturbances Table 3 . Intraclass Correlation Coefficients (ICCs) and C-Statistics for Cross-Classification Multilevel Models Presented in Table 2 and Figure 1 Model ICC C-Statistic 34 but the association between SNF quality scores and risk of LTC placement were considerably stronger in this subset of participants.
CONCLUSION
Risk of eventual placement in LTC nursing homes varies substantially between SNFs. Individuals in higher-quality SNFs have significantly lower risks of such placement. Further work on the SNF processes that explain this variation will contribute to the mandates of healthcare reform and guide efforts to help older adults return to the community after hospitalization. Table S1 . Percent of participants in a long-term nursing home 6 months after discharge from a hospital to a SNF, by participant characteristics, with odds ratios from a cross-classification multilevel analysis. This table shows the participant characteristics that are included in all the analytic models used in this paper. Also included in the models but not shown are 31 comorbidities. 10   Table S2 . The odds of SNF residents (N588,642) residing in a long term care nursing home six months after the SNF admission, by SNF characteristics, for surgical patients, excluding those with any behavioral problem (aggression and depression), hallucinations or delusions, or moderate or severe impaired cognition. Table S3 . The odds of SNF residents residing in a long term care nursing home six months after the SNF admission, by SNF characteristics, stratified by Medicaid eligibility of the beneficiary. Table S4 . The odds of SNF residents (N5481,909) residing in a long term care nursing home six months after the SNF admission, by SNF characteristics. The cohort was restricted to individuals residing in SNF facilities that also have long term care beds. Table S5 . The odds of SNF residents being directly transferred to a long term care nursing home within six months after the SNF admission, by SNF characteristics. The outcome in this analysis is direct transfer from a SNF bed to a long-term care bed, without an intervening hospitalization, discharge home, or stay in another institution. Table S6 . The odds of SNF residents (N5722,837) residing in a long term care nursing home six months after the SNF admission, by SNF characteristics. The cohort includes all individuals admitted to SNFs. (The main analyses excluded individuals who died within 6 months of SNF admission.) Figure S1 . Cohort Selection. Figure S2 . Adjusted long-term care (LTC) rank for skilled nursing facilities (SNFs) in 2014, from a cross classification multilevel model adjusted by participant characteristics and SNF state. This is similar to the analysis in Figure 1 , which used data from 2013. Figure S3 . Adjusted long-term care (LTC) rank for skilled nursing facilities (SNFs) in 2013, from a cross classification multilevel model adjusted by participant characteristics and SNF state, for rate of individuals directly transferred to LTC from the SNF.
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